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Choices of Alpha Value in Regression Composite Estimation
for the Canadian Labour Force Survey: Impacts and
Evaluation

Edward J. Chen and T.P. Liul

ABSTRACT

The Canadian Labour Force Survey (LFS) is a continuous monthly
survey with a complex rotating panel design where there is a 5/6
sample overlap between any two consecutive months. After extensive
studies, including the investigation of a number of alternative
methods for exploiting the sample overlap to improve the quality of
estimates, the LFS has chosen and implemented a regression
composite estimation method. Currently, a compromise linear
estimator between level and monthly change driven estimates with
the a value of 2/3 is implemented. This study is to evaluate a broad
range of a values on many different LFS characteristics and its
impacts on the final survey weights.

KEY WORDS: Variance estimation system; Survey Weights;
Level estimate; Change estimate.

1 Edward J. Chen and T.P. Liu, Labour Force Survey Methods section, Household Survey Methods
Division, Methodology Branch, Statistics Canada, Ottawa, Ontario, K1A 0T6



Evaluation de I'impact du choix du paramétre Alpha pour
I'estimateur composite par régression de I'Enquéte canadienne
sur
la population active

Edward J. Chen and T.P. Liu2
RESUME

L'Enquéte sur la population active du Canada (EPA) est une enquéte
mensuelle possédant un plan d'échantillonnage complexe avec
rotation, de fagon & ce qu'il y ait toujours 5/6 de I'échantillon qui se
chevauche d'un mois & l'autre. Aprés avoir effectué plusieurs études
approfondies d'évaluation des méthodes d'estimations, incluant un
certain nombre de méthodes exploitant le chevauchement de
'échantillon, I'EPA a décidé d'implanter une méthode d'estimation
composite par régression. Présentement, un estimateur linéaire faisant
le compromis entre le niveau et le changement mensuel a été
implanté, avec un paramétre a de 2/3. Le but de la présente étude est
de regarder un grand nombre de possibilités pour a et d'évaluer
1'impact sur plusieurs caractéristiques de I'EPA, ainsi que sur les poids
de sondage finaux.

MOTS CLES: Systéme d'estimation de la variance; poids de sondage;
estimation de niveau; estimation de changement.

2 Edward J. Chen et T.P. Liu, Section des méthods de I’Enquéte sur la population active, Division des
méthods d’enquétes auprés des ménages, Statistique Canada, Ottawa, Ontario, K1A 0T6



1. INTRODUCTION

The Canadian Labour Force Survey (LFS) is a monthly survey of approximately 54,000 households
selected using a stratified multistage design. Households stay in the sample for six consecutive
months, thus five-sixths of the sample is common between two consecutive months. Each month,
the members of a selected household are asked questions about their labour force status, earnings,
and so on. In the LFS estimation system used prior to 2000, initial design weights were modified
using regression to produce final weights that respect age-sex and geographical (subprovincial
region) population control totals. Each record then had a unique final weight that is used for all
tabulations.

Since January 2000, the LFS has successfully implemented a new estimator known as the regression
composite estimator - see Gambino, Kennedy and Singh (2001) for a detailed discussion from which
most of the introduction of this paper has heavily borrowed. The implementation of the new
composite estimator is judged not only on its statistical efficiency but also its stability over time and
its cost effectiveness, while achieving the following objectives: (i) minimizing changes to the old
estimation system, (ii) producing a unique weight for each sample unit (iii) respecting age-sex and
geography control totals and (iv) producing consistent estimates (in the sense that, e.g., Employed
+ Unemployed = Labour Force and Labour Force + Not In Labour Force = Population 15+).

The estimation system prior to composite estimation used data from the current month only
(henceforth referred to as GREG). No attempt was made to exploit the fact that the common sample
can be used to improve estimates. However, characteristics such as employment (especially
employment by industry) are highly correlated over time and unemployment is moderately correlated
over time, thus there is potential for efficiency gains. Because of these gains, surveys similar to the
LFS, such as the United States Current Population Survey (CPS), have used composite estimation

to improve their estimates for many years.

Traditionally, the key estimates produced by the LFS were monthly unemployment rates. However,
with the increasing emphasis on estimates of employment level and on estimates of change in recent
years, the need to find ways to make use of the common sample also increased since these estimates
would benefit significantly. In the mid-1990s, therefore, interest in composite estimation was revived
at Statistics Canada, and a regression-based method that fit in well with the existing LFS estimation
system was developed. This method is first described in Singh, Kennedy, Wu and Brisebois (1997)

with a more up to date version included in Singh er al. (2001). The new methodology allows for a
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choice of methods, depending on one’s objectives. If the primary interest is in estimates of level, then
one can use level-driven predictors in the procedure. If change is most important, then change-driven
predictors can be used. One can go one step further and include both types of predictor in the

procedure.

The method used since January 2000 addressed the problems with traditional composite estimators
and showed substantial gains in efficiency. Also both estimates of level and of change were given
importance in the choice of predictors. A method suggested by Fuller, that combines the change-
driven and level-driven approaches without the constraints associated with including both sets of
predictors in the regression was adopted (see Fuller and Rao, 2001). The solution is remarkably
straightforward: take a linear combination of the level and change predictors: X = (1-a)Xy + aXc,
and use it as the predictor. The level- and change-driven predictors are now special cases,
corresponding to a = 0 and a = 1 respectively. Furthermore, one can choose a to reflect the relative
importance one wishes to give to level versus change, i.e., the higher a value would give more
importance to change versus level estimates. A compromise choice of a = 0.67 is implemented in

the current LFS estimation system.

The introduction of the composite estimates also added more control totals to the weighting system.
As a result, more extreme final weights could be produced. Moreover, the choice of a value could

be related to distortion of the final sample weights.

This paper describes an extensive evaluation of the composite estimator using actual LFS data for
a large number of characteristics over a long period of time from July 2000 to June 2001 with
February 1998 as the first starting month of composite (i.e., February 1998 to June 2000 is the break-
in period). The objectives of the study and methods used to evaluate a broad range of a values (a =
0.20, 0.40, 0.50, 0.60, 0.67 and 0.80) are described in Section 2. The results of the study on the
impacts of final weights, the examination of break-in period and the relative efficiency for different
a values for both the level and change estimates are summarised in Section 3. The concluding

remarks are in Section 4.
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2. ALPHA VALUES AND STUDY OBJECTIVES

Choices of a value: In this study, a wide range of a values is used to evaluate the relative efficiency
and the impacts on the final weights. The choices of a value under study are a = 0.20, 0.40, 0.50,
0.60, and 0.80 in addition to the current a value = 0.67. Two additional a values, @ =0.70 and a =
0.75 were also computed to examine the sensitivity of the choice of a value but they are not reported
here since most of the results fall in between those of o = 0.67 and a = 0.80. The relative efficiency
that evaluates the performance of the variance of the composite estimator compared to the
generalised regression estimator (GREG) used prior to the introduction of the composite estimator

is defined as
RE = Var(GREG)* 100/Var(composite).

This relative efficiency is computed for each of the a values and the characteristics. A value of RE
greater than 100 would indicate composite is a more efficient estimator than the GREG estimator
is whereas a value less than 100 would indicate less efficient compared to the GREG estimator.

Extreme weights: With the introduction of the composite estimator, 28 more independent variables
(see Appendix for the list) for each province have been added in the regression as control totals that
may further distort the final weights in the estimation system. The distortion usually results in more
extreme weights such as more negative weights or more large weights produced. The distortion

could be related to the a values.

Break-in period: The relative efficiency gains are related to the number of months of ‘compositing’
in order for the composite estimator to fully realize its gains. The number of months of
‘compositing’ required highly depends on the characteristic and its variability and correlation over
time. The relative efficiency reported should be after a period when the efficiency gains of the

estimates are stabilised, i.e., after the break-in period.

Study objectives: The objectives of this study are to investigate:
1. Whether the current a = 0.67 produces ‘optimal’ (or close to optimal) estimates of both level
and change, i.e., whether it is a good compromise choice;
2. Whether a different a value should be used for different characteristics or province;
3. The break-in period, i.e., how many months it takes for the benefit of “compositing” to be
fully realized?
4. Impacts of different a values on the final weights and their distribution vs. the GREG



estimator.

Since the value a = 0.67 is used for all types of estimates in all provinces in the current estimation
system, the characteristics in this study include all the estimates published in the LFS monthly press
releases, namely, the variables in Labour Force, Employment, Unemployment and Unemployment
rate by major age groups 15-24 years, 25 years and over by sex in all provinces and the Canada total.
The employment variables by class of worker (employee and self-employed), by type of industry,
by sector (public and private) and by employment status (full-time and part-time) are also included
in the study.

In this study, 12 months of LFS data from July, 2000 to June, 2001 are used to compute and
compare the relative efficiencies, with the first month composite estimates starting from February,
1998. We also compared the results from the first month composite estimates starting from March,
1995 (the LFS production version) and found no major differences with the results from the first

month composite estimates starting from February, 1998.

3. RESULTS

We present a detailed summary of results for the 6 different choices of a value in the regression
composite estimator. Two additional a values a = 0.70 and a = 0.75 are also computed to examine
the sensitivity of the choice of a values but they are not reported here since most of the results fall
in between the a = 0.67 and a = 0.80 ones. Only some numerical results are presented in the section
below.

3.1 Impacts on final weights. As discussed in Gambino, Kennedy and Singh (2001), unlike the
traditional A-K composite estimator, where weighting to satisfy population control totals and
composite estimation are separate steps, weighting for the regression composite estimator is done
in one step, i.e., simultaneously with weighting to satisfy the age-sex and geographical controls. This
procedure not only preserves the consistency but also retains the benefits of the controls applied to
the usual regression estimator, i.e., the age-sex and geographic controls in our case.

These benefits also could have their drawbacks. There could be more extreme final weights
produced by the new estimation system in order to satisfy the increased number of control totals.
See Appendix for a complete list of demographic control totals and composite controls in the new
estimation system. The composite controls have been added to the old system since January 2000
(with rebasing estimates back to January 1996). Moreover, the presence of extreme final weights
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could be directly related to the choice of a values.

Table | below presents the examination of the final weights by the GREG estimator and the 6
different a values over the 12-month period in Canada. There are a few more extreme weights with
the composite estimator. The presence of the extreme weights (by the measures of minimum value,
maximum value and minimum and maximum number of negative weights per month) is directly
related to the a values. It seems the higher the a value, the more extreme negative weights it produces
and the more negative weights per month there are. Therefore, the average number of negative

weights per month tends to increase with the a value. 1

TABLE 1. Final Weights Distribution: GREG vs. by Alpha Values July, 2000 to June, 2001

Final Weights GREG 0.20 0.40 0.50 0.60 0.67 0.80
Minimum Weight -132 -130 -133 -135 -138 -200 -302
Maximum Weight 2008 2068 2017 1987 1954 1981 2054
Min. No. Neg. Weight/Month 0 0 2 2 4 4 8
Max. No. Neg. Weight/Month 4 12 12 13 16 20 25
Ave. No. Neg. Weight/Month 1.3 4.2 5.1 6.1 8.2 8.8 13.3
1st Percentile 31 30 30 30 30 30 30
Median Weight 165.0 1645 1645 1645 1645 1645 164.0
Average Weight 2327 2327 2327 2327 2327 2327 2327
99th Percentile 913 914 915 917 920 922 923

1 These final weights are obtained directly from the variance estimation sysiem, which differs from the production system
where the negative weights are replaced by the initial weights and the weighting step is repeated. If there are still negative

weights after this step. the negative weights are then replaced by the value 1.



The distribution analysis is also performed over the 12-month period to examine the first
percentile, median, average and the 99" percentile of the final weights. The measures do not differ
between the GREG and composite estimator nor vary greatly by the a values, as expected.

The negative final weights tend to concentrate in the province of Alberta which accounts for
almost 50% of all negative weights. Efforts are under way to examine further this
phenomenon.

3.2 Break-in period. It is recognized that it takes several months of ‘compositing’ for the
regression composite estimator to fully realize the efficiency gains. The number of months of
compositing required highly depends on the variability of the characteristic and correlation over
time. In this study, we examine this break-in period for the variables Employment, Unemployment
and Employment by Industry in 6 key industries, i.e., the largest 3 and smallest 3 employment
industries in Canada. The largest 3 employment industries in order are Employment in Trade,
Health Services and Manufacturing. The smallest 3 are Employment in Agriculture, Natural
Resources and Utilities.

The examinations are performed by plotting the GREG variance estimates and variance estimates
of the composite estimator (with a = 0.67) from February, 1998 (when the first month of composite
starts) to June, 2001. The reduction of the composite variance of employment in Canada starts to
stabilize after 6 months of compositing (See Fig. 1). The 3 major industries show almost
immediate gains and start to show stability after about 8 months of compositing. (See Fig. 2, Fig.
3 and Fig. 4). However, it would take about 18 months of compositing for Employment in
Agriculture and about 25 months for Employment in Natural Resources to fully realize their gains,
mainly due to their variability and correlation over time. Not surprisingly, the GREG variance
estimates of the smallest 2 industries i.e., Employment in Natural Resources (See Fig. 5) and in
Utilities (See Fig. 6) are very sporadic whereas the composite estimates are much more stable
over time. It further demonstrates the stability of the composite estimates vs. the GREG estimates
as discussed in Gambino, Kennedy and Singh (2001).

We decided to use after the 30 months of compositing to compute the RE from the examination.
30 months of compositing is a more reasonable choice for the wide range of characteristics and
province estimates under study.



FIGURE 1. Comparison of Variance Estimates - Composites vs. GREG
Employment and Unemployment
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FIGURE 3. Comparison of Variance Estimates - Composites vs. GREG
Employment in Manufacturing

12345678 9101112131415161718192021222324252627 282930 31323334 353637383940 41
No. of Months

[—+—MAN-C -#-MAN-G|

FIGURE 4. Comparison of Variance Estimates - Composites vs. GREG
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FIGURE 5. Comparison of Variance Estimates - Composites vs. GREG
Empioyment in Natural Resources
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FIGURE 6. Comparison of Variance Estimates - Composites vs. GREG
Employment in Utilities
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3.3 Efficiency gains. For the variables that are added as control totals, there are substantial gains
in efficiency for both estimates of level and change. For a = 1, the gains for estimates of change
are ‘optimal’; by choosing a smaller value of a we gain more for estimates of level while reducing

the magnitude of the gains for estimates of change.

We present the evaluation results separately for the Level estimates and Monthly Change

estimates.
LEVEL ESTIMATES:

4.2.1 Labour force status variables (in labour force, employment, unemployment and

unemployment rates by sex, major age groups, and province and Canada total)

The current a = 0.67 produces very efficient level estimates as compared with other choices
of a value. While the current a = 0.67 does not produce any significantly better gains over
other choices of a value (most of the differences in gains are in the 1% range), it does not
produce the least efficient estimates either except for the unemployment related variables
where the difference of gains are within 2% at Canada level (See Table 2 below). The bold
face relative efficiency indicates the highest gains and the italics indicate the least gains among
different choices of a value. The results of Employment and Unemployment by sex and major
age groups are found in Appendix.

TABLE 2. Relative Efficiency by Labour Force Status, Canada by Alpha Values

Level Estimates

Labour Force Status  Sexes 0.20 0.40 0.50 060 0.67 0.80
Employment Both Sexes 112.6 119.7 122.3 1237 123.9 122.7
Males 111.5 116.0 1743 117.7 7.5 116.1
Females 119.8 127.1 129.6 1308 13089 1295
In Labour Force Both Sexes 110.0 117.1 119.8 121.4 1247 120.8
Males 108.5 113.2 114.7 115.5 115.5 114.6
Females 116.9 123.7 126.1 127.4 127.6 126.4
Unemployment Both Sexes 1054 105.2 1048 1042 103.8 1028
Males 104.7 104.3 103.8 103.1 102.6 101.5
Females 105.9 105.7 105.4 104.8 104.4 103.4
Unemployment Rate Both Sexes 106.3 1063 1059 1052 1047 1033
Males 1049 1044 1038 1031 102.5 101.2
Females 1079 1079 1075 1069 1063 104.9

Figures in bold face indicate the highest gains and italics indicate the lowest among the alpha values.
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Similar results can be seen at the provincial level for the Employment, in Labour Force (results
not shown) and unemployment related variables. The best « value for Employment tends to be at
a = 0.67 at the province level whereas for Unemployment related variables it tends to be 0.20,
especially for Nova Scotia and New Brunswick where the gains could be up to 5% higher than
the current a = 0.67 (See Table 3). The optimal « value for Unemployment or related vanables

may be at a value lower than a = 0.20 but it was not under our investigation.

Note: The current a = 0.67 can also produce less efficient estimates (than the GREG estimator)
in several provinces (not at Canada level) especially for the Unemployment related variables by
sex and age groups, where the efficiency can be less by up to 5%. The less efficient estimates can
happen for any choice of « values that the a = 0.20 would have the least happening.

TABLE 3. Relative Efficiency by Labour Force Status and Province by Alpha Values

Level Estimates

Labour Force Status Province 0.20 0.40 0.50 060 0.67 0.80
Employment Newfoundland 11709 1185 121.3 1229 1233 1224
Prince Edward Island 112.2 118.1 119.7 120.2 120.0 118.6
Nova Scotia 1126 1201 1228 1240 1239 1214
New Brunswick 113.3 120.2 122.7 123.9 124.0 122.7
Québec 110.1 1170 1197 1213 121.8 121.2
Ontario 114.4 122.1 1248 1261 126.1 124 1
Manitoba 116.2 1249 1282 130.0 1303 1289
Saskatchewan 11705 1173 1199 1215 1221 1219
Alberta 113.0 118.7 1207 121.8 1220 121.1
British Columbia 113.5 120.3 1228 1242 1245 1235
Unemployment Newfoundland 106.7 106.4 106.0 1055 1050 104.1
Prince Edward Island 1126 1155 1162 1164 1163 1154
Nova Scotia 106.3 1054 104.7 103.8 1032 101.8
New Brunswick 1026 1004 99.2 979 97.1 95.3
Québec 1059 106.1 1058 105.4 1050 104.1
Ontario 1049 1046 1042 1035 1031 1020
Manitoba 1051 106.1 106.2 106.0 105.7 104.9
Saskatchewan 100.4 1019 1024 1028 103.0 103.2
Alberta 1044 1041 103.8 103.3 1029 101.9
British Columbia 106.2 105.7 1051 1044 103.8 1026

Figures in bold face indicate the highest gains and italics indicate the lowest among the alpha values.
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4.2.2 Employment by Class of Worker, Sector, Industry and Status, Canada

The current o = 0.67 produces very efficient estimates as compared with other choices of a value.
While the current a = 0.67 does not produce any significantly better gains over other choices of
a value (most of the differences of gains are in the 3% range), it does not produce the least
efficient estimates either at Canada level (See Table 4 below). The best a value for Employment
by Class of Worker, by Sector, by Industry, and by Employment Status variables tend to be around
0.40 to 0.50 at the Canada level.

TABLE 4. RE of Employment by Class of Worker, Sector and Industry, Canada by Aipha Values

Level Estimates

Employment 020 040 050 060 0.67 0.80
By Class of Worker

Employees 1123 1158 1163 1159 1153 1133
Self Employed 1185 1218 1220 1212 1202 1176
By Sector

Public Sector 1181 1219 1224 1218 1210 1187
Private Sector 115.2 1202 1215 121.70EE 119.4
Goods-Producing 1141 1162 1159 1147 1136 1108
Agriculture 1170.2 1179 1210 123.3 1243 125.2
Construction 1184 1197 1191 1179 116.8 114.2
Manufacturing 1145 1154 1145 1128 111.3 108.3
Natural Resources 1166 1187 1186 1177 1168 114.4
Utilities 120.1 1196 1176 1148 1126 1082
Services-Producing 1141 1193 1206 1209 1206 1189
Accomodation and Food Services 1150 1159 1153 1140 1129 1105
Educational Services 121.5 1243 1240 1227 1214 1183
Finance, Insurance and Real Estate 1220 126.2 126.7 126.2 1254 123.2
Health Care and Social Assistance 126.2 130.7 131.3 130.7|8sE8sa 127.0
Information, Culture and Recreation 1170 1186 118.0 1165 |NEMEESl 7112.5
Management, Administative and Other Support 116.8 1178 1172 1161 0RISE 7112.6
Other Services 119.6 1209 1201 1186 117.3 114.5
Professional, Scientifice and Technical Services 119.0 1223 1224 1217 1207 118.3
Public Administration 1201 1240 1241 1231 1220 119.1
Trade 1248 1279 1277 1266 1253 1222
Transportation and Warehousing 1169 1191 1189 1179 1168 1140
Full Time Employment 106.1 1101 1115 1124 1125 1120
Part Time Employment 1023 1029 1031 1033 103.3 103.2

Figures in bold face indicate the highest gains and italics indicate the lowest among the alpha values.
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4.2.3 Employment by Class of Worker, Sector, Industry and Status, Provinces

Since there are 10 different sets of results for the 10 provinces’ Employment by Class of Worker,

Sector, and Industry variables, we present here only the highest relative efficiency gains (see Table

TABLE 5. Highest Relative Efficiency Gains Among Provinces of Employment by
Class of Worker, Sector and Industry by Alpha Values

Level Estimates
Employment

By Class of Worker
Employees
Self Employed

By Sector
Public Sector
Private Sector

Goods-Producing
Agriculture
Construction
Manufacturing
Natural Resources
Utilities
Services-Producing
Accomodation and
Food Services
Educational Services

Finance, Insurance and

Real Estate
Health Care and
Social Assistance

Information, Culture and

Recreation

Management, Administative

and Other Support
Other Services

Professional, Scientifice
and Technical Services

Public Administration

Trade

Transportation and
Warehousing

Full Time Employment
Part Time Employment

Province

Manitoba
Manitoba

Saskatchewan
Saskatchewan

Manitoba
Québec
Manitoba
Manitoba
Saskatchewan
Newfoundland
Saskatchewan
Québec

Prince Edward Island
Saskatchewan

British Columbia
Saskatchewan
Manitoba

New Brunswick
Alberta

Prince Edward Island
New Brunswick
Nova Scotia

Newfoundland
Nova Scotia

0.20

124.2
131.9

127.3
121.8

118.5
125.5
132.9
133.3
123.2
197.4
114.8
117.9

145.7
141.3

132.8

129.0

126.8

141.3
126.2

139.4
133.6
128.4

108.7
107.1

0.40

130.9
143.2

134.5
132.2

128.8
135.9
134.7
141.6
134.3
228.3
122.8
121.3

153.6
150.3

142.2

135.2

131.9

150.8
132.4

146.1
138.8
134.4

115.1
108.8

0.50

132.7
146.5

136.5
136.2

132.1
140.3
133.6
144.2
138.9
236.2
12557
121.9

154.2
162.7

145.2

136.2

1331

153.3
133.8

146.6
139.3
135.9

117.5
108.5

0.60

133.1
147.6

137.0
138.8

134.1
143.5
131.3
145.5
142.4
238.1
127.4
121.6

152.1
152.9

146.9

135.8

133.3

154.1
134.0

145.3
138.3
136.2

119.0
109.9

0.67

132.6
147.2

136.6
139.7

134.7
144.9
[[29ES
145.8
1442
236.7
127.9
1211

149.5
152.1

147 1
135.0
133.0

153.8
133.5

143.5
1371
135.7

119.5
110.1

0.80

130.4
144.2

134.7
139.5

134.2
146.2
124.0
1451
146.0
231.2
127.5
119.2

142.1
1489

146.2

132.6

131.6

151.9
131.3

138.6
1337
133.5

119.3
110.3

Figures in bold face indicate the highest gains and italics indicate the lowest among the alpha values.
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5) and the lowest relative gains (see Table 6) among the provinces, i.e., the results here are the

best gains and the worse gains for the variables among the provinces. Table 5 and Table 6

demonstrate the range of efficiency gains at provincial levels for employment related type

variables.

TABLE 6. Lowest Relative Efficiency Gains Among Provinces of Employment by

Class of Worker, Sector and Industry by Alpha Values

Level Estimates

Employment Province
By Class of Worker
Employees British Columbia
Self Employed Ontario
By Sector
Public Sector Ontario
Private Sector Québec
Goods-Producing Ontario
Agriculture British Columbia
Construction Alberta
Manufacturing Ontario
Natural Resources British Columbia
Utilities British Columbia
Services-Producing Prince Edward Island
Accomodation and Newfoundland
Food Services
Educational Services Nova Scotia
Finance, Insurance and Prince Edward Island
Real Estate

Health Care and Prince Edward Isiand

Social Assistance

Information, Culture and New Brunswick
Recreation

Management, Administative Newfoundland
and Other Support

Other Services Prince Edward Island

Professional, Scientifice Newfoundland
and Technical Services
Public Administration Newfoundland

Trade Newfoundland

Transportation and Newfoundland
Warehousing

Full Time Employment Saskatchewan

Part Time Employment Newfoundland

0.20

112.0
117.4

116.1
111.5

112.0
105.9
121.0
110.4

92.3
108.7
107.1
120.2

124.2
126.0

129.4

106.6

108.0

107.0
101.5

118.4
110.6
108.7

100.4
98.8

0.40

112.6
119.1

120.4
11563

112.6
101.5
118.0
109.3

87.5
103.6
109.3
113.9

121.4
126.0

130.6

102.7

104.0

104.8
96.8

117.9
113.8
105.7

103.2
98.5

0.50

111.8
118.5

1211
116.0

111:5
99.1
116.6
107.4
84.7
99.5
108.8
109.7

118.3
121.4

128.6

99.9

101.3

102.6
93.9

115.8
113.6
103.0

104.1
98.1

0.60

110.2
1171

120.9
115.8

109.6
96.7
113.6
104.9
82.0
95.1
107.3
105.1

114.5
114.8

125.3

96.8

98.5

100.1
90.9

112.8
112.3
99.8

104.7
9716

0.67

108.9
1FE7

120.3
1]l 2

108.1
9512
NNIES
103.0
80.2
(8] 7
105.9
102.0

{51158
109.9

122.7
94.6
96.7

98.4
89.0

110.6
110.8
Siar

104.9
e

0.80

105.9
11245

118.5
113.4

104.9
92.5
107.4
99.5
76.9
87.3
102.7
96.3

106.7
101.0

117.6

90.6

93.6

95.6
85.4

106.1
107.2
936

105.0
9.2

Figures in bold face indicate the highest gains and italics indicate the lowest among the alpha values.
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The current a = 0.67 produces many of the best gains for the variables (See Table S)while it stays
away from the worse gains which occur more often at a = 0.80 (See Table 6). Many of the worse
gains that the current a = 0.67 produces can be corrected by introducing a smaller a value, a =
0.20 for example. But the less efficient estimates tend to be in smaller provinces such as the

gastern provinces.

CHANGE ESTIMATES:

4.2.4 Labour force status variables (in LF, employment, unemployment and
unemployment rates by major age groups, sex and province and Canada total)

The current o = 0.67 produces very efficient estimates of change as compared with other
choices of a value. While the best a value for estimates of change is at a higher value of at least
a = 0.80 for Employment related variables, the current a = 0.67 produces efficient estimates
close to those for a = 0.80 (Most of the differences of gains are within 5%). As for
Unemployment related variables, the differences of gains between the current a = 0.67 and the
best gains are very minimal (within 1%). See Table 7 below at the Canada level. The results
of Employment and Unemployment by sex and major age groups are in Appendix.

TABLE 7. Relative Efficiency by Labour Force Status, Canada by Alpha Values

Change Estimates

Labour Force Status  Sexes 0.20 0.40 0.50 060 0.67 0.80
Employment Both Sexes 111.3 128.7 137.4 145.3 149.7 155.9
Males i5:5 127.6 133.0 1374 1396 142.3
Females 121.9 138.6 146.6 153.7 ST 163.3
in Labour Force Both Sexes 108.2 123.4 131.0 137.7 HESS 146.8
Males 110.6 121.3 126.0 1299 1319 134.4
Females 118.1 132.3 139.0 144.8 148.1 152.5
Unemployment Both Sexes 106.5 107.8 108.1 108.2 108.2 107.9
Males 106.5 1075 107.7 1076 1075 1071
Females 107.5 108.5 108.7 108.7 108.6 108.3
Unemployment Rate Both Sexes 107.0 108.6 109.0 1091 109.0 108.6
Males 106.7 107.8 107.9 107.8 107.7 107.2
Females 108.9 110.1 110.4 110.4 110.2 109.6

Figures in bold face indicate the highest gains and italics indicate the lowest among the alpha values.

Similar results can be seen for provincial estimates of change for the Employment and

IS



Unemployment variables (See Table 8). While again the best a value for estimates of change are
at a higher o value a = 0.80 for the Employment, the current a = 0.67 produces estimates close
to those for a = 0.80 (Most of the differences of gains are within 6%). The best results for
Unemployment (and related variables) at the provincial level tend to be for a values a = 0.50 or
a = 0.60. (Most of the differences of gains are within 1%).

TABLE 8. Relative Efficiency by Labour Force Status and Province by Alpha Values

Change Estimates

Labour Force Status Province 0.20 0.40 0.50 060 0.67 0.80
Employment Newfoundland 104.1 1223 1315 1399 1448 1516
Prince Edward Island 1072 1231 1308 1376 1415 146.8
Nova Scotia 105.9 1242 133.7 1425 1476 1549
New Brunswick 1149 133.3 1424 1505 155.0 161.1
Québec 109.6 1276 1366 1448 1495 156.0
Ontario 111.8 1301 1394 1480 153.0 159.8
Manitoba 1055 1209 1285 13565 1394 1449
Saskatchewan 109.1 1258 1343 1421 146.7 153.6
Alberta 1126 1272 1342 1404 1439 148.7
British Columbia 116.2 1316 1391 1456 1493 1544
Unemployment Newfoundland 104.9 1059 106.1 106.2 106.1 105.8
Prince Edward Island 111.0 1176 1204 1226 1238 1254
Nova Scotia 1088 109.1 1089 1085 1081 107.2
New Brunswick 109.1 1084 1079 1073 1069 1059
Québec 106.7 1086 109.2 1096 1098 1098
Ontario 106.2 1072 107.4 1073 1072 106.8
Manitoba 1072 1091 109.7 110.0 110.1 1096
Saskatchewan 102.1 1043 1052 106.0 1064 1071
Alberta 1054 1061 106.2 1062 106.1 105.8
British Columbia 1082 1089 1089 1088 1086 108.1

Figures in bold face indicate the highest gains and italics indicate the lowest among the alpha values.
4.2.5 Employment by Class of Worker, Sector, Industry and Status, Canada

The current a = 0.67 produces very efficient estimates as compared with other choices of a value.

While the best choice a value for estimates of change are at a higher a value a = 0.80 for the

Employment related variables, the current o = 0.67 produces gains within 10%. These gains at a
= (.67 are very substantial (see Table 9).
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TABLE 9. RE of Employment by Class of Worker, Sector and Industry, Canada by Alpha Values

CHANGE ESTIMATES

Employment 020 040 050 060 0.67 080
By Class of Worker

Employees 121.0 140.0 149.2 157.3 161.8 168.1
Self Employed 140.2 1640 1748 1838 188.6 1944
By Sector

Public Sector 136.1 163.0 176.0 1875 193.8 2023
Private Sector 119.5 1375 1461 1536 157.7 163.1
Goods-Producing 126.8 1473 156.7 1647 169.0 1745
Agriculture 104.4 133.8 1499 1651 1740 187.1
Construction 1354 149.3 1550 159.5 161.7 164.2
Manufacturing 134.3 156.2 166.3 1749 1795 1853
Natural Resources 1244 140.2 1468 1520 1546 1573
Utilities 153.0 177.3 188.2 197.4 2021 207.6
Services-Producing 120.8 143.0 1540 1640 169.7 1775
Accomodation and Food Services 1365 150.5 156.3 161.0 1634 166.5
Educational Services 146.8 1722 1839 1939 199.3 2064
Finance, insurance and Real Estate 147.3 1740 186.4 197.0 2027 210.0
Health Care and Social Assistance 152.1 1783 1906 2014 2073 2155
Information, Culture and Recreation 134.5 1509 1579 1636 1666 170.3
Management, Administative and Other Support 1329 1445 1493 1531 155.1 157.6
Other Services 1376 1523 158.4 163.3 165.7 168.6
Professional, Scientifice and Technical Services 136.2 156.4 1656 1733 177.5 1828
Public Administration 136.7 162.4 1747 1855% 191.5 1995
Trade 1466 167.3 1764 1839 187.8 192.6
Transportation and Warehousing 1400 1588 167.0 1737 1771 1809
Full Time Employment 104.1 1125 1163 1195 1212 1235
Part Time Employment 1025 1038 1043 1047 1049 1052

Figures in bold face indicate the highest gains and italics indicate the lowest among the alpha values.
4.2.6 Employment by Class of Worker, Sector, Industry and Status, Provinces

Since there are 10 different sets of results for the 10 provinces’ Employment by Class of Worker,
by Sector, by Industry variables, we present here only the highest relative efficiency gains (See
Table 10) and the lowest relative gains (See Table 11) among the provinces, i.c., the results here

are the best gains and the worse gains for the variables among the provinces.

The current a = 0.67 produces very efficient estimates as compared with other choices of a value.
While the best choice a value for estimates of change are at a higher « value a = 0.80 for the

Employment related variables, the current a = 0.67 produces gains are within 10% range from the
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a = 0.80 given that these gains at a = 0.67 are very substantial.

TABLE 10. Highest Relative Efficiency Gains Among Provinces of Employment by
Class of Worker, Sector and Industry by Alpha Values

Change Estimates

Employment Province 020 040 050 060 0.67 080

By Class of Worker

Employees Saskatchewan 1225 1444 1553 1652 1709 179.2

Self Employed Saskatchewan 1106 1445 1644 1847 1976 218.9

By Sector

Public Sector Saskatchewan 147.0 1791 1955 2104 2188 230.1

Private Sector Saskatchewan 118.7 140.1 1508 160.7 166.4 175.0

Goods-Producing Alberta 128.5 1532 1652 1758 181.7 190.0

Agriculture Nova Scotia 155.1 187.1 2027 2159 2228 2303

Construction Manitoba 149.7 163.7 169.1 173.0 1746 175.5

Manufacturing Saskatchewan 1558 1840 1972 2086 2148 2226

Natural Resources Saskatchewan 1274 160.7 1799 200.1 2134 238.0

Utilities Prince Edward Island 7194.2 297.3 362.3 421.8 452.0 484.1

Services-Producing Saskatchewan 116.0 1452 1615 1775 1872 202.2

Accomodation and Saskatchewan 1435 1615 1696 1766 1804 186.2
Food Services

Educational Services Prince Edward Island 7184.5 2234 2434 2620 2727 287.6

Finance, Insurance and Saskatchewan 176.7 2150 2350 2539 2650 2813
Real Estate

Health Care and Prince Edward Island 166.7 196.2 2115 2259 234.6 2485
Social Assistance

Information, Culture and Saskatchewan 1459 1723 1848 1956 2016 209.9
Recreation

Management, Administative Prince Edward Island 749.7 1685 176.4 1822 1848 186.6
and Other Support

Other Services Québec 1388 159.8 1696 178.0 1826 188.5

Professional, Scientifice Prince Edward Island 153.8 1731 1828 1925 1989 211.2
and Technical Services

Public Administration Manitoba 160.6 200.0 2211 2418 2546 2749

Trade Prince Edward Island  175.3 206.3 2212 2345 2419 251.9

Transportation and Saskatchewan 158.9 180.5 1900 1977 201.7 206.1
Warehousing

Employment New Brunswick 1149 1333 1424 1505 155.0 161.1

Full Time Employment Newfoundland 1032 1145 1197 1242 1266 1299

Part Time Employment New Brunswick 1036 1051 1056 106.0 106.3 106.5

Figures in bold face indicate the highest gains and italics indicate the lowest among the alpha values.
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TABLE 11. Lowest Relative Efficiency Gains Among Provinces of Employment by
Class of Worker, Sector and Industry by Alpha Values

Change Estimates

Employment

By Class of Worker

Employees
Self Employed

By Sector
Public Sector
Private Sector

Goods-Producing

Agriculture
Construction
Manufacturing

Natural Resources

Utilities

Services-Producing
Accomodation and
Food Services
Educational Services
Finance, Insurance and

Real Estate

Health Care and
Social Assistance
Information, Culture and

Recreation

Management, Administative
and Other Support

Other Services

Professional, Scientifice
and Technical Services
Public Administration

Trade

Transportation and
Warehousing

Employment

Fuil Time Employment
Part Time Employment

Province

Newfoundiand
Saskatchewan

Newfoundiand
Newfoundland

Saskatchewan
Saskatchewan
Newfoundland
New Brunswick

British Columbia

New Brunswick
Newfoundland
Alberta

Manitoba
Ontario

Alberta

Ontario

Newfoundland

Saskatchewan
Québec

Ontario
Newfoundiand
Newfoundiand

Newfoundland
Nova Scotia

Prince Edward Island

0.20

115178]
110.6

1185
114.7

101.5

85.3
126.1
123.5
109.7
142.3

97.6
130.5

139.3
141.5

143.9

132.6

125.8

133.5
134.8

131.6
133.5
124.2

104.1
101.4
94.0

0.40

124.0
144.5

144.6
128.5

129.6
114.7
136.8
141.0
114.4
163.8
122.5
140.7

160.3
170.8

165.5

149.0

134.3

150.6
153.9

164.2
154.5
134.8

122.3
1119
95.5

0.50

129.6
164.4

158.3
134.6

145.4
133.1
1411
148.7
115.9
175.6
136.5
144.9

170.0
185.1

1751

156.2

137.6

158.0
162.3

181.5
164.6
139.0

131.5
116.8
96.1

0.60

134.2
184.7

1714
139.8

161.0
153.3
144.5
154.9
116.8
187.3
150.4
148.2

178.5
197.9

183.4

162.3

140.2

164.1
169.1

197.8
173.5
142.3

139.9
121.0
96.6

0.67

136.7
197.6

179.2
142.5

170.6
166.9
146.3
158.1
1171
194.3
159.0
149.9

183.1
205.0

187.9
165.7
141.5

167.3
172.6

207.5
178.4
143.9

1448
123.3
96.9

0.80

1401
2189

190.9
146.0

185.8
191.1
148.4
161.9
116.8
204.4
172.5
152.2

189.2
214.7

194.0

170.2

143.3

1 7ak2
176.6

221.8
185.3
145.6

151.6
126.3
97.2

Figures in bold face indicate the highest gains and italics indicate the lowest among the alpha values.

In summary, for variables that are added as composite control totals, such as employment by

industry, there are substantial gains in efficiency. For most industries, gains of 10 to 20 percent

are typical for estimates of level, but they can be as high as 40-50 percent at province level. A 40



percent efficiency gain corresponds, for example, to reducing a 15 percent coefficient of variation
to 12.7 percent and a 10 percent coefficient of variation to 8.5 percent. For province-level
Employment and Unemployment estimates, the efficiency gains are more modest, typically in the
20% range for Employment and 5% to 10% percent range for Unemployment estimates. For
estimates of month-to-month change, the efficiency gains for controlled variables are much

bigger, usually more than double the gains for estimates of level.

For variables that are not controlled, there is little or no effect of composite estimation on
efficiency unless the variable is highly correlated with a controlled variable. For example, at the
province level, full-time employment shows a gain in efficiency because it is correlated with total
employed, which is controlled. On the other hand, employment or unemployment by
subprovincial region such as by the LFS urban centres (results in a separate small area estimation
study) shows neither gains nor losses.

4. CONCLUDING REMARKS

In our study, we evaluate and present a broad range of a values, their impacts on the final weights,
the break-in period required for the benefits of ‘compositing’ to be fully realized, and the relative
efficiency for both level and change estimates on all published release tables.

The presence of extreme weights in terms of magnitude of negative weights and number of
negative weights are directly related to the choices of a value. They are however manageable and
are very rare at the Canada level. The impact on provincial estimates is almost non-existent. The
break-in period required for the benefits of ‘compositing’ to be fully realized is related to the
characteristics under study. We found a minimum of 24 to 30 months (30 months used in our
study) would be a reasonable choice given the fact that a single starting month is used for all
characteristics. This is both to ensure that we fully realize all the gains and for operational
simplicity.

The results from 6 different choices of a value indicate the current value of a = 0.67 is a very good
compromise choice for the wide range of characteristics in the provinces and Canada for both
level and change estimates. The gains for the level estimates are significant with the current a
value and it is the best choice for employment variables for almost all provinces. The gains for
the change estimates are quite substantial and very close to the ‘optimal’ a value at a = (.80 under
study.
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The current a = 0.67 is a good compromise between level and changes estimates. Though more
gains could be realised by introducing a different a value especially to improve the efficiency of
unemployment estimates in few smaller provinces or to have the ‘optimal’ gains for some
employment by industry characteristics, this would further complicate the weighting procedure.
We will need to investigate the properties of the unique final weight when two different a values

are used simultaneously before implementation.

The estimation system has a few more extreme weights (e.g., more negative weights) with the
introduction of the additional composite estimates as control totals. This is expected because the
final weights have to satisfy many more controls simultaneously. Efforts are underway to examine
all controls especially the controls at the LFS urban centres level. We are also going to examine
the relative efficiency under a different LFS design, i.e., changing from the current six rotation
groups to a four rotation groups design.
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Appendix:
Al: Relative Efficiency by Labour Force Status by Sex/Age Group
Level Estimates

A2: Relative Efficiency by Labour Force Status by Sex/Age Group
Change Estimates

A3: Controls Specification for Composite Estimation System



TABLE A1. Relative Efficiency by Labour Force Status, Canada by Alpha Values

Level Estimates

Labour Force Status  Sexes 0.20
Employment Males 111.5
15-24 114.3
25+ 109.4
Females 114.1
15-24 107.0
25+ 116.6
Unemployment Males 105.9
15-24 101.7
25+ 108.0
Females 104.7
15-24 103.6
25+ 105.0

0.40

116.0
115.8
114.8
113.6
106.8
116.2

105.7
101.5
108.0
104.3
103.9
104.2

0.50

117.3
115.8
116.5
119.8
114.3
121.2

105.4
101.3
107.6
103.8
103.8
103.5

0.60

117.7
115.4
117.3
1271
115.3
130.7

104.8
1011
107.0
103.1
103.7
102.6

0.67

117.5
115.0
) 17 72
129.6
115.1
134.3

104.4
100.9
106.5
102.6
103.6
101.9

0.80

116.1
1139
552
114.7
112.7
115.0

103.4
100.7
105.3
101.5
103.5
100.5

Figures in bold face indicate the highest gains and italics indicate the lowest among the alpha values.
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TABLE A2. Relative Efficiency by Labour Force Status, Canada by Alpha Values

Change Estimates

Labour Force Status  Sexes 0.20
Employment Males 115.5
15-24 122.3
25+ 112.9
Females 121.9
15-24 124.1
25+ 122.1
Unemployment Males 106.5
15-24 105.5
25+ 107.9
Females 107.5
15-24 103.3
25+ 109.7

0.40

127.6
128.6
127.0
138.6
130.7
142.2

107.5
106.5
108.8
108.5
103.7
111.2

0.50

133.0
131.0
133.5
146.6
133.2
152.4

107.7
106.8
108.9
108.7
103.8
)19 115"

0.60

137.4
132.8
1391
163.7
135.2
161.7

107.6
107.0
108.7
108.7
103.9
111.6

0.67

139.6
133.7
142.0
167.7
136.2
167.0

107.5
107.1
108.4
108.6
103.9
111.6

0.80

142.3
134.9
145.5
163.3
137.7
174.5

107.1
107.4
107.7
108.3
104.2
111.0

Figures in bold face indicate the highest gains and italics indicate the lowest among the alpha values.



A3: Controls Specification for Composite Estimation System

1. DEMOGRAPHIC POPULATION CONTROLS

1.1 24 age/sex group controls for each province
For each province, 24 age/sex groups are controlled. They are:

0-14
15-16
17-19
20-24
25-29
30-34
35-44 By Male and Female
45-54
55-59
60 - 64
65 - 69
70+

1.2 5 rotation group controls for each province

For each province, 5 rotation groups are controlled, i.e., each rotation group is
controlled to equal 1/6 of the population 15+. Another rotation group control is
met without specifying.

1.3 2 household sizes and 2 economic family sizes controls for each province

For each province, 2 household sizes, i.e., household size with Size 1 and Size 2
and 2 economic family sizes, i.e., economic family size with Size 1 and Size 2 are
controlled. Other size controls are met without specifying.

1.4. Economic region controls by province

For each province, different economic regions are controlled depending on the
economic region specified by HRDC. They are:

NFLD (4): 010, 020, 030, 040

PEI (1): 110

N.S. (8): 210, 220, 230, 240, 250

N.B. (5): 310, 320, 330, 340, 350

QUE (16): 410, 415, 420, 425, 430, 435, 440, 445, 450, 455, 460, 465, 470,
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475, 480, 490

ONT. (11): 510, 515, 520, 530, 540, 550, 560, 570, 580, 590, 595
MAN. (8): 610, 620, 630, 640, 650, 660, 670, 680

SASK (6): 710, 720, 730, 740, 750 , 760

ALBT (8): 810, 820, 830, 840, 850, 860, 870, 880

B.C (8). 910, 920, 930, 940, 950, 960, 970, 980.

1.5  City Controls (LFS urban centres)

For each province, different city i.e., CMA/CA or urban centres are controlled including
all the LFS urban centres currently in the LFS design. They are:

NFLD (2): ST. JOHN'S, CORNER BROOK - DEER LAKE

PEI (2): CHARLOTTETOWN, SUMMERSIDE

N.S. 4): HALIFAX, SYDNEY - SYDNEY MINES,
NEW GLASGOW, TRURO

N.B. (6): SAINT JOHN, BATHURST, CHATHAM - NEWCASTLE,
MONCTON, FREDERICTON, EDMUNSTON

QUE (10): CHICOUTIMI - JONQUIERE, QUEBEC, MONTREAL,

HULL, TROIS-RIVIERES, SEPT-ILES, BAIE-COMEAU,
RIMOUSKI, SHERBROOKE,
ROUYN-NORANDA/VAL-D'OR -MALARTIC

ONT. (18): OTTAWA, SUDBURY, TORONTO, HAMILTON,
ST. CATHARINES - NIAGARA, LONDON, WINDSOR,
KITCHENER, THUNDER BAY, OSHAWA, CORNWALL,
KINGSTON, PETERBOROUGH, GUELPH,
BRANTFORD, SARNIA-CLEARWATER,
SAULT STE. MARIE, NORTH BAY

MAN. (2): WINNIPEG, BRANDON

SASK (4): REGINA, SASKATOON, MOOSE JAW,
PRINCE ALBERT

ALBT (7): CALGARY, EDMONTON, LETHBRIDGE,
MEDICINE HAT, RED DEER, GRANDE PRAIRIE,
FORT MCMURRAY

B.C (9). VANCOUVER, VICTORIA, KELOWNA, KAMLOOPS,

MATSQUI, CHILLIWACK - HOPE, NANAIMO,
PRINCE GEORGE, DAWSON CREEK
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2.  COMPOSITE ESTIMATE CONTROLS

2.1

22

23

PROVINCE LEVEL LABOUR FORCE CHARACTERISTIC

PROVINCE LEVEL EMPLOYED.
PROVINCE LEVEL UNEMPLOYED.
PROVINCE LEVEL NOT IN THE LABOUR FORCE.

LABOUR FORCE CHARACTERISTIC BY AGE/SEX GROUPS

EMPLOYED, MALES, 15 - 24.
UNEMPLOYED MALES 15 - 24.

NOT IN LABOUR FORCE, MALES, 15 - 24.
EMPLOYED, MALES, 25 +.
UNEMPLOYED MALES 25 +.

NOT IN LABOUR FORCE, MALES, 25 +.
EMPLOYED, FEMALES, 15 - 24.
UNEMPLOYED FEMALES 15 - 24.

NOT IN LABOUR FORCE, FEMALES, 15 - 24.
EMPLOYED, FEMALES, 25 +.

UNEMPLOYED FEMALES 25 +.

NOT IN LABOUR FORCE, FEMALES, 25 +.

EMPLOYMENT BY INDUSTRY

AGRICULTURE

CONSTRUCTION

INFORMATION, CULTURE AND RECREATION

UTILITIES

MANUFACTURING

NATURAL RESOURCES

TRANSPORTATIONS AND WAREHOUSING

FINANCE, INSURANCE AND REAL ESTATE
PROFESSIONAL, SCIENTIFIC AND TECHNICAL SERVICES
MANAGEMENT, ADMINISTATIVE AND OTHER SUPPORT
EDUCATIONAL SERVICES

HEALTH CARE AND SOCIAL ASSISTANCE
ACCOMMODATION AND FOOD SERVICES

PUBLIC ADMINISTRATION

TRADE

OTHER SERVICES.



24  EMPLOYMENT BY CLASS OF WORKER

EMPLOYED, PUBLIC EMPLOYEE
EMPLOYED, PRIVATE EMPLOYEE
EMPLOYED, PRIVATE SELF EMPLOYED.

NOTE: ITALICS INDICATE THE CONTROL IS MET, i.e., NEED NOT BE
SPECIFIED.



3. Total Number of Control Totals in the Estimation System

Demography Composites ER City Total
NEWFOUNDLAND: 33 28 4 2 67
PEL: 33 28 1 2 64
NOVA SCOTIA: 13 28 5 4 70
N.B.: 33 28 3 6 72
QUEBEC: 33 28 16 10 87
ONTARIO: 33 28 11 18 90
MANITOBA: 33 28 8 2 71
SASKATCHEWAN: 33 28 6 4 71
ALBERTA: 33 28 8 7 76
B.C.: 33 28 8 9 78
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1. INTRODUCTION

The Canadian Labour Force Survey (LFS) is a monthly survey of approximately 54,000 households
selected using a stratified multistage design. Households stay in the sample for six consecutive
months, thus five-sixths of the sample is common between two consecutive months. Each month,
the members of a selected household are asked questions about their labour force status, earnings,
and so on. In the LFS estimation system used prior to 2000, initial design weights were modified
using regression to produce final weights that respect age-sex and geographical (subprovincial
region) population control totals. Each record then had a unique final weight that is used for all

tabulations.

Since January 2000, the LFS has successfully implemented a new estimator known as the regression
composite estimator - see Gambino, Kennedy and Singh (2001) for a detailed discussion from which
most of the introduction of this paper has heavily borrowed. The implementation of the new
composite estimator is judged not only on its statistical efficiency but also its stability over time and
its cost effectiveness, while achieving the following objectives: (i) minimizing changes to the old
estimation system, (ii) producing a unique weight for each sample unit (iii) respecting age-sex and
geography control totals and (iv) producing consistent estimates (in the sense that, e.g., Employed
+ Unemployed = Labour Force and Labour Force + Not In Labour Force = Population 15+).

The estimation system prior to composite estimation used data from the current month only
(henceforth referred to as GREG). No attempt was made to exploit the fact that the common sample
can be used to improve estimates. However, characteristics such as employment (especially
employment by industry) are highly correlated over time and unemployment is moderately correlated
over time, thus there is potential for efficiency gains. Because of these gains, surveys similar to the
LFS, such as the United States Current Population Survey (CPS), have used composite estimation

to improve their estimates for many years.

Traditionally, the key estimates produced by the LFS were monthly unemployment rates. However,
with the increasing emphasis on estimates of employment level and on estimates of change in recent
years, the need to find ways to make use of the common sample also increased since these estimates
would benefit significantly. In the mid-1990s, therefore, interest in composite estimation was revived
at Statistics Canada, and a regression-based method that fit in well with the existing LFS estimation
systern was developed. This method is first described in Singh, Kennedy, Wu and Brisebois (1997)

with a more up to date version included in Singh et al. (2001). The new methodology allows for a
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choice of methods, depending on one’s objectives. If the primary interest is in estimates of level, then
one can use level-driven predictors in the procedure. If change is most important, then change-driven
predictors can be used. One can go one step further and include both types of predictor in the

procedure.

The method used since January 2000 addressed the problems with traditional composite estimators
and showed substantial gains in efficiency. Also both estimates of level and of change were given
importance in the choice of predictors. A method suggested by Fuller, that combines the change-
driven and level-driven approaches without the constraints associated with including both sets of
predictors in the regression was adopted (see Fuller and Rao, 2001). The solution is remarkably
straightforward: take a linear combination of the level and change predictors: X = (1-0)X + aXc,
and use it as the predictor. The level- and change-driven predictors are now special cases,
corresponding to a = 0 and a = 1 respectively. Furthermore, one can choose a to reflect the relative
importance one wishes to give to level versus change, i.e., the higher a value would give more
importance to change versus level estimates. A compromise choice of a = 0.67 is implemented in

the current LFS estimation system.

The introduction of the composite estimates also added more control totals to the weighting system.
As a result, more extreme final weights could be produced. Moreover, the choice of a value could

be related to distortion of the final sample weights.

This paper describes an extensive evaluation of the composite estimator using actual LFS data for
a large number of characteristics over a long period of time from July 2000 to June 2001 with
February 1998 as the first starting month of composite (i.e., February 1998 to June 2000 is the break-
in period). The objectives of the study and methods used to evaluate a broad range of a values (a =
0.20, 0.40, 0.50, 0.60, 0.67 and 0.80) are described in Section 2. The results of the study on the
impacts of final weights, the examination of break-in period and the relative efficiency for different
a values for both the level and change estimates are summarised in Section 3. The concluding

remarks are in Section 4.



2. ALPHA VALUES AND STUDY OBJECTIVES

Choices of a value: In this study, a wide range of a values is used to evaluate the relative efficiency
and the impacts on the final weights. The choices of a value under study are a = 0.20, 0.40, 0.50,
0.60, and 0.80 in addition to the current a value = 0.67. Two additional a values, @ = 0.70 and a =
0.75 were also computed to examine the sensitivity of the choice of a value but they are not reported
here since most of the results fall in between those of a = 0.67 and a = 0.80. The relative efficiency
that evaluates the performance of the variance of the composite estimator compared to the
generalised regression estimator (GREG) used prior to the introduction of the composite estimator

is defined as
RE = Var(GREG)* 100/ Var(composite).

This relative efficiency is computed for each of the a values and the characteristics. A value of RE
greater than 100 would indicate composite is a more efficient estimator than the GREG estimator

is whereas a value less than 100 would indicate less efficient compared to the GREG estimator.

Extreme weights: With the introduction of the composite estimator, 28 more independent variables
(see Appendix for the list) for each province have been added in the regression as control totals that
may further distort the final weights in the estimation system. The distortion usually results in more
extreme weights such as more negative weights or more large weights produced. The distortion

could be related to the a values.

Break-in period: The relative efficiency gains are related to the number of months of ‘compositing’
in order for the composite estimator to fully realize its gains. The number of months of
‘compositing’ required highly depends on the characteristic and its variability and correlation over
time. The relative efficiency reported should be after a period when the efficiency gains of the

estimates are stabilised, i.e., after the break-in period.

Study objectives: The objectives of this study are to investigate:
1. Whether the current a = 0.67 produces ‘optimal’ (or close to optimal) estimates of both level
and change, i.e., whether it is a good compromise choice;
Whether a different a value should be used for different characteristics or province;
The break-in period, i.e., how many months it takes for the benefit of “compositing” to be
fully realized?
4. Impacts of different @ values on the final weights and their distribution vs. the GREG



estimator.

Since the value a = 0.67 is used for all types of estimates in all provinces in the current estimation
system, the characteristics in this study include all the estimates published in the LFS monthly press
releases, namely, the variables in Labour Force, Employment, Unemployment and Unemployment
rate by major age groups 15-24 years, 25 years and over by sex in all provinces and the Canada total.
The employment variables by class of worker (employee and self-employed), by type of industry,
by sector (public and private) and by employment status (full-time and part-time) are also included
in the study.

In this study, 12 months of LFS data from July, 2000 to June, 2001 are used to compute and
compare the relative efficiencies, with the first month composite estimates starting from February,
1998. We also compared the results from the first month composite estimates starting from March,
1995 (the LFS production version) and found no major differences with the results from the first

month composite estimates starting from February, 1998.

3. RESULTS

We present a detailed summary of results for the 6 different choices of a value in the regression
composite estimator. Two additional a values a = 0.70 and a = 0.75 are also computed to examine
the sensitivity of the choice of a values but they are not reported here since most of the results fall
in between the a = 0.67 and a = 0.80 ones. Only some numerical results are presented in the section
below.

3.1 Impacts on final weights. As discussed in Gambino, Kennedy and Singh (2001), unlike the
traditional A-K composite estimator, where weighting to satisfy population control totals and
composite estimation are separate steps, weighting for the regression composite estimator is done
in one step, i.¢., simultaneously with weighting to satisfy the age-sex and geographical controls. This
procedure not only preserves the consistency but also retains the benefits of the controls applied to

the usual regression estimator, i.e., the age-sex and geographic controls in our case.

These benefits also could have their drawbacks. There could be more extreme final weights
produced by the new estimation system in order to satisfy the increased number of control totals.
See Appendix for a complete list of demographic control totals and composite controls in the new
estimation system. The composite controls have been added to the old system since January 2000
(with rebasing estimates back to January 1996). Moreover, the presence of extreme final weights
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could be directly related to the choice of a values.

Table 1 below presents the examination of the final weights by the GREG estimator and the 6
different o values over the 12-month period in Canada. There are a few more extreme weights with
the composite estimator. The presence of the extreme weights (by the measures of minimum value,
maximum value and minimum and maximum number of negative weights per month) is directly
related to the a values. It scems the higher the a value, the more extreme negative weights it produces
and the more negative weights per month there are. Therefore, the average number of negative

weights per month tends to increase with the a value. 1

TABLE 1. Final Weights Distribution: GREG vs. by Alpha Values July, 2000 to June, 2001

Final Weights GREG 0.20 0.40 0.50 0.60 0.67 0.80
Minimum Weight -132 -130 -133 -135 -138 -200 -302
Maximum Weight 2008 2068 2017 1987 1954 1981 2054
Min. No. Neg. Weight/Month 0 0 2 2 a4 4 8
Max. No. Neg. Weight’/Month 4 12 12 13 16 20 25
Ave. No. Neg. Weight/Month 1.3 42 5.1 6.1 8.2 8.8 13.3
1st Percentile 31 30 30 30 30 30 30
Median Weight 165.0 1645 1645 1645 1645 1645 164.0
Average Weight SEENN 22327 2327 2327 2327 e8| 232.7
99th Percentile 913 914 915 917 920 922 923

I These final weights are obtained directly from the variance estimation system, which differs from the production system
where the negative weights are replaced by the initial weights and the weighting step is repeated. If there are still negative

weights after this step, the negative weights are then replaced by the value 1.




The distribution analysis is also performed over the 12-month period to examine the first
percentile, median, average and the 99" percentile of the final weights. The measures do not differ
between the GREG and composite estimator nor vary greatly by the o values, as expected.

The negative final weights tend to concentrate in the province of Alberta which accounts for
almost 50% of all negative weights. Efforts are under way to examine further this

phenomenon.

3.2 Break-in period. It is recognized that it takes several months of ‘compositing’ for the
regression composite estimator to fully realize the efficiency gains. The number of months of
compositing required highly depends on the variability of the characteristic and correlation over
time. In this study, we examine this break-in period for the variables Employment, Unemployment
and Employment by Industry in 6 key industries, i.e., the largest 3 and smallest 3 employment
industries in Canada. The largest 3 employment industries in order are Employment in Trade,
Health Services and Manufacturing. The smallest 3 are Employment in Agriculture, Natural
Resources and Utilities.

The examinations are performed by plotting the GREG variance estimates and variance estimates
of the composite estimator (with a =0.67) from February, 1998 (when the first month of composite
starts) to June, 2001. The reduction of the composite variance of employment in Canada starts to
stabilize after 6 months of compositing (See Fig. 1). The 3 major industries show almost
immediate gains and start to show stability after about 8 months of compositing. (See Fig. 2, Fig.
3 and Fig. 4). However, it would take about 18 months of compositing for Employment in
Agriculture and about 25 months for Employment in Natural Resources to fully realize their gains,
mainly due to their variability and correlation over time. Not surprisingly, the GREG variance
estimates of the smallest 2 industries i.e., Employment in Natural Resources (See Fig. 5) and in
Utilities (See Fig. 6) are very sporadic whereas the composite estimates are much more stable
over time. It further demonstrates the stability of the composite estimates vs. the GREG estimates
as discussed in Gambino, Kennedy and Singh (2001).

We decided to use after the 30 months of compositing to compute the RE from the examination.
30 months of compositing is a more reasonable choice for the wide range of characteristics and

province estimates under study.
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